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in which, R is C1-20 alkyi, hydroxyCi -2oalkyl or Ci -^alkoxyCi -20 alkyl. processes for their preparation, 
pharmaceutical compositions containing them and their use in therapy as bile acid sequestering agents. 
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COMPOUNDS 

The present Invention relates to novel poiyvinylpyridinium anion exchange resins, processes for their 
preparation, pharnnaceutical compositions containing them and their use in the lowering of plasma choles- 
terol levels in humans. 

Coronary Heart Disease (CHD) is one of the most serious health problems of contemporary society. 
5 Worldwide epidemiological studies have shown that the incidence of CHD is related to a number of 
independent risk factors, in particular, for example, high concentrations of serum cholesterol 
(hypercholesterolaemia). Such adverse factors lead to atherosclerosis, and ultimately, in severe cases, 
intermittent claudication, cerebrovascular Insufficiency, thrornlDosis and cardiac arrest. 

It is known that Ion exchange resins, in particular polystyrene resins can be uised as sequestering 
10 agents to bind non-absorbed bile acids and salts in the intestinal tract, forming complexes which are then 
excreted in the faeces. This sequestering leads to a decrease in the amount of bile acids returning to the 
liver via enterohepatic circulation. The synthesis of replacement bile acids from hepatic cholesterol depletes 
hepatic cholesterol, regulates hepatic LDL receptors and consequently reduces plasma cholesterol levels. 
Such. sequestering resins have, been recognised as useful for the treatment of hyperchotesterblaemia. In 
IS addition, it is now proven that reducirig se^rum cholesterol with bile acid sequestrants has a beneficial effect 
on protecting against the occurrence of coronary heart disease. 

One particular agent which, is currently used to lower serum cholesterol levels in humans by binding 
bile acids in the intestinal tract is chojestyramihe. Cholestyl'amine is a cross-linked anion exchange 
polystyrene resin bearing an jonised trimethylammonium group bound to the polymer backbone. However. 
20 the use of this agent is associated with a number of undesirable side-effects, for example, it is unpalatable 
and must be taken . in high, doses .and causes, in some cases, bloating, constipation and other gut side- 
effects, and its ability to bind bile acids is inefficient with respect to the amounts of resin which it is 
necessary to use. There therefore remains a need for the provision of alternative agents in this area of 
therapy, 

25 yinyipyridinium polymers are known in the art. For example DT 2556082 discloses certain non-cross 
linked pyridine oligomers which .are said to have anti-coagulant activity. These polymers are water-soluble 
and are not disclosed as having any bile-acid sequestering activity. US 4798870 discloses further non-cross 
- linked vinylpyridinium polymers and their use as decontaminating agents, but again no' bile acid sequester- 
ing activity is noted for the polymers; and J 1052728-A discloses further such non-cross linked polymers 
30 which are said to be dermal absorption accelerators. 

In addition to the foregoing, certain prior art disclosures indicate that vinylpyridinium polymers also 
have bile acid sequestering activity. In particular, FR 70.33007 discloses a series of linear vinylpyridinium 
polymers; and US 3787474 discloses a related series of cross-linked vinylpyridinium polymers. 

In both cases however there are no specific disclosures of such polymers or details of their levels of 
35 sequestering activity and the general disclosure of each document is limited only to pyridinium polymers in 
which the nitrogen atom in the pyridine ring bears a methyl, ethyl or propyl group. 

It has now been found that certain water-insoluble cross-linked vinylpyridinium polymers in particular 
those bearing a long-chain alkyi group comprising at least 6 carbon atoms polymers exhibit potent 
properties as bile acid sequestrants in animal models and are expected to be of use in therapy in the 
40 treatment of. for example, atherosclerosis. 

The present invention provides in a first aspect cross-finked polymers of structure (I): 
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in which, 

R is C. -20 alkyl. hydroxyd r-aoalkyi or Ci -aalkoxyC. -20 alkyi; 

Y~.is a counter ion; ■ , 

a b and c are numbers which indicate the relative percentages (w/w) of the units present in said polymer, 
s (a) being from about 30 to about 99 percent (w/w) and (b) being from about 1 .0 to about 8 percent (w/w); 
n is a number indicating the degree of polymerisation in said polymer; 
X is a cross-linking unit, and 

X' is a comonomer unit. , « .u, ■ 

Suitably the pyridine .ring is attached to the pplYmer backbone via the 2-, 3- or 4- position of the ring. 
10 Preferably the ring is attached via the 3- or 4- positions: most preferably via the 3-position. 

Suitably. R is p. -aq alkyl, hydroxy C, -20 alkyl or C, -* alkoxy C. -20 alkyl; more suitably R is a C. -20 

alkyl group; preferably a Cs-ao alkyl group; most preferably a Cs-if alkyl group. 

Suitably (a) is from about 30 tq,abput 99% percent (w/w); preferatply from abgut 50 to about 99 /» 

percent (w/w). . ,- » 

,5 • Suitably (b) is from about 1 to about 8 percent (w/w); preferably (b) is from about 1 to about 5 percent 

(w/w), most preferably,- about 2% percent (w/w). . 

Suitably (c) is the remaining percent (w/w) present in said polymer. The comonomer unit (c)-can be 
present or absent from the polymer. Preferably (c) is from about 0% to about 50% percent (w/w); most 
preferably, from about 0% to about 25% percent (w/w). 
20' Suitably Y" is a physiologically acceptable counter ion such as a halide. sulphate, phosphate, 
bicarbonate, carbonate, formate, acetate, sulphonate, propionate, malonate. succinate, malate. tartrate, 
citrate, maleate. fumarate. ascorbate. glucuronate or the anion of an amino acid such as aspartic or glutamic 
acid Preferably Y" is a phosphate, sulphate or halide ion; most preferably a halide ion. 

n is a number indicating the degree of polymerisation of the polymer. Owing to the three dimensional 
25 cross-linkage precise figures cannot be given for n, but in any case will be greater than 1 ,000. 

Suitably. X is a cross-linking unit i.e. a unit which provides a random distribution of cross-links between 

chains of polymers. ^. ^. , . , 

Preferred such units include, for example, divinylbenzene, and alkylene glycol bis methacrylates of 

structure (i) 

30 



3S 




(i) 



40 



in which m is 2 to 6. z Is 1 to 4 and (d) and (e) together comprise fronr) about 1 .0 to about 8 percent (w/w) 
of said polymer. 

Suitably Is a comonomer unit Preferably. is styrene. an alkyl methacrylate of structure (ii) or an 
alkyl styrene of structure (ill) 



45 



50 



or" 



55 



(ii) 




(iii) 



in which R* is Ci-20 alkyl and (c) is as described for structure (I). In such groups. R* is preferably Ci-s 
alkyl. when R in structure (l) is Cs-aoalkyI: and R* is preferably Cs to CaoalkyI when R is C,-salkyl. 
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The polymers of the present invention are also characterised by their total exchange capacity i.e. the 
theoretical maximum capacity of the resin if each counter ion were to be exchanged with bile acid. In this 
specification the total exchange capacity is defined in terms of the number of milllequivaients of counter ion 
per gram of dry weight of polymer. 

Suitable total exchange capacities are in the range of, for example where the counter ion Y~ is chlorine, 
from 1.5 to 6.5 meq CI" per gram of resin. Preferred within this range are resins having a total exchange 
capacity of between 2 and 4 meq Cr/gram of resin. 

It is to be noted that the term 'bile acid' when used herein shall be taken to include bile acids, bile salts 
and conjugates thereof. 

The polymers of the present invention can be prepared by processeis analogous to those known in the 
art. The present invention therefore provides, in a further aspect, a process for preparing the polymers of 
structure (I) which comprises reaction of a polymer of structure (II) 



in which a, b. c, X, and n are as described for structure (1) with a compound of structure RL in which L is 
a leaving group and R is as described for structure (1). 

The reaction between a polymer of structure (11) and a compound RL can be carried put in a suitable 
solvent at a temperature of Ipetween ambient and the reflux temperature of the solvent used. Suitable 
solvents include for example, a Ci -4.a!kanol, nitromethane, dimethylformamide, tetrahydrofuran or sul- 
pholane. Preferabl^y the reaction is carried out in dimethylformamide or sulpholane at a temperature of 
between about 60* and 80* for a period of up to 24 hours or until the reaction is complete. 

Suitable leaving groups L will be apparent to those skilled in the art and include for example, halides 
and aryl and aikyi sulphonic acids. 

Suitable Ci -20 alky I halides include the alkyi chlorides bromides and iodides, in particular Ci-2oalkyl 
iodides. 

The intermediate polymers of structure (II) are available commercially or can be prepared from readily 
available materials by methods known to those skilled in the art. For example polymers of structure (11) in 
which X is divinylbenzene, and X^ is styrene can be prepared by reaction of 4-vlnylpyridine. styrene and 
divinyl benzene in an aqueous suspension comprising polyvinyl alcohol in the presence of an initiator at 
elevated temperature. Suitable initiatprs will be apparent to those skilled in the art and include, in particular 
azobisisobutyronitrile. 

The polymers of structure (I) have been found to bind bile acids in in vitro models. As indicated earlier 
it is recognised that removal of bile acids from the intestinal tract lowers serum cholesterol levels and also 
has a beneficial effect on protecting against atherosclerosis and its dependent clinical conditions. The 
present Invention therefore provides in a further aspect polymers of structure (I) for use in therapy, in 
particular for the lowering of serum cholesterol levels in mammals, including humans. In addition the 
polymers of structure (I) are expected to be of use in protecting against atherosclerosis and its sequelae, 
and for example, in the treatment of pruritus and diarrhoea. 

When used in therapy the polymers of structure (I) are in general administered in a pharmaceutical 
composition. 

In a still further aspect of the present invention there is therefore provided a pharmaceutical composition 
comprising a polymer of structure (I) in association with a pharmaceutically acceptable carrier. 

The compositions of the present invention can be prepared by techniques well known to those skilled in 
the art of pharmacy and include all those known for the formulation of polymers for-human use. 

The polymers are preferably administered as formulations in admixture with one or more conventional 
pharmaceutical excipients which are physically and chemically compatible with the polymer, which are non- 
toxic, are without deleterious side-effects but which confer appropriate properties on the dosage form. 

In general, for liquid formulations aqueous based pharmaceutically acceptable carriers such as water 
itself or aqueous dilute ethanol, propylene glycol, polyethylene glycol or glycerol or sorbitol solutions are 
preferred. Such formulations can also include preservatives and flavouring and sweetening agents such as 



-(CH2CH)^-(X)j^-(X^)^ 




(II) 
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sucrose, fructose, invert sugar, cocoa, citric acid, ascorbic acid, fruit juices etc. In general, digestible oil or 
fat based carriers should be avoided or minimised as they contribute to the condition sought to be 
alleviated by use of the polymers. They are also subject to absorption by the polymers during prolonged 
contact, thus reducing the capacity of the polymer to absorb bile acids after administration. 
5 The polymers can also be prepared as concentrates, for dilution prior to administration, and as 
formulations suitable for direct oral administratibh. They can be administered orally ad libitum , on a 
relatively continuous basis for example by dispersing the polymer in water, drinks or food, for example, in a 
granule presentation suitable for admixture with water or other drink to provide a palatable drinking 
suspension. 

10 Preferably, the polymers are administered in tablet form or in gelatin capsules containing solid 
particulate polymer or a non-aqueous suspension of solid fDolymer contaihing a- suitable suspending agent- 
Suitable excipients for such formulations include, for example, for tablets and capsules, lactose, micro- 
crystalline cellulose, magnesium stearate, povidone, sodium starch glycollate and starches; and for 
suspensions in capsules, polyethylene glycol, prdpyiene glycol and colloidal silicon dioxide. If desired these 
15 dosage forms in addition optionally comprise suitable flavouring agents. Alternatively, a chewable tablet or 
■ granule presentation incprpprating suitable flavouring and similar agents may be used. 

Preferabjy the polymer Is administered ih ^ihit dosage forW; eiach ' dosage unit containing preferably 
from 0.5 g to 1.5 g df polyrher. 

The daily dosage regimen for an adult patient may be, for exampler a total daily oral dose of between 1 
20 and 10 g, preferably 1-5 g, the compound being adhninistered i to 4 times a day. Suitably the compound is 
administered for a period of continuous therapy bf 'orie month or more sufficiient to achieve the required 
. reduction in serum cholesterol levels. 

in addition the polymers of the present inverttibn can be cb-admirilstered (together or sequentially) with 
further actiye ingredients such as HMGCoA reductase inhibitors and- other hypoehblesterolaemic agents. 
25 and other drugs for the trea^^^^ 

The folidwing biological data and examples indicate the properties and preparation of the polymers of 
the present invention. Temperatures are recorded in degrees Celsius. The exchange capacity of the 
pyridinium copolymers was detei'mined by eiennentai analysis and/br pbtentiometric titration of chloride ion. 
...Figure.s quoted are expressed as milli equivalents of exchangeable chloride ion per gram of dry resin 
30 vyeig.ht, All percentage figures given are (w/w) figures and are assumed from the initial ratio of monomers 
used. 

Preparation 1 

35 

4-Vinylpyridine (25.0 g), styrene (23.2 g), diviriylbenzene (1.8 g. (Durity 55%) and azobisisobutyronitrile 
(AIBN) (0.5 g) were mixed to give a homogeneous solution and added to a solution of poly(vinyi alcohol), 
(m.w. 125,000) (1 g) in distilled water (500 ml) stirred at 80°" under an atmosphere of nitrogen. Stirring was 
40 continued for 7 hours and then the mixture was poured into distilled water. The resin was washed by 
decantation with cold and hot water, filtered, and washed with acetone, methanol, methanol/ether and ether, 
dried to give a 2% cross-linked polymer containing 50% vinylpyridine. This polymer was then sieved and 
the 53-1 i06u fraction (16.42 g) was used in the further reactions. 

45 

Preparation 2 



In a similar manner starting from 4-vinylpyridine (77.8 g), divinylbenzene (2.88 g, purity 55%). AIBN (0.8 
50 g). poly(vinyl alcohol) (m.w. 125.000) (1 g) and distilled water (500 ml) gave (54.15 g) of a 2% cross-linked 
polymer cbntaning 96% 4-vrnylpyridine. 

Preparation 3 

55 

In a similar manner starting from 4-vinylpyridine (60.0 g). styrene (17.12 g). divinylbenzene (2.88 g, 
purity 55%) AIBN (0.8 g), poiy(vinyi alcohol) (m.w. 125.000) (1 g) and distilled water (500 ml) gave (42.48 g) 
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of a 2% cross-linked polymer containing 75% 4-vinylpyridine. 

Preparation 4 

5 

In a similar nnanner starting from 4-vjnylpyridine (24.0 g), styrene (53.12 g), divinylbenzene (2.88 g, 
purity 55%) AIBN (0.8 g). pdly(viny| alcohol) (m.w, 125.000) (1 g) and distilled water (500 ml) gave (37.2 g) 
of a 2% cross-Jinked polymer containing 30% 4-vinyfpyridine. 

70 

Preparation 5 

75 In a similar manner starting from 4ryinylpyridiine (7.25 g). octylstyrene (7.2 g). divinylbenzene (0.55 g. 
purity 55%) AIBN (0.2 g), poIy(vinyl alcohol) (m.w. 125,000) (0.5 g) and distilled water (200 mi) gave (6.63 
g) of a 2% crossrlinked polymer containing 50%. 4-vinylpyridine, 
Octylstyrene was prepared using the follpwing procedure: 

(a) Aluminium chloride (84,3 g) was suspended in dry dichlorornethane (250 ml), cooled to 10 ' and 
20 acetyl chloride (49,6 g) added over 5 minutes at 10-20*. The mixture was stirred at room temperature for 

30 minutes then pctylbenzene (100.3 g) was added over 30 minutes to the resulting solution with slight 
cooling to keep the, temperature at 20-22* . After the addition the mixture vyas stirred at room temperature 
for 3.5 hours then poured onto ice (1 kg),. The phases were separated and the dichloromethanei solution was 
washed with water, dilute sqdiunn hydroxide and water, and dfied over magnesium sulphate. Evaporation of 
25 the solvent gave 4-acetyl-1-octylbenzene as an oil (1 17.3 g. 96%). ' 

(b) 4-AcetyK1roctylben2ene (il7rO g) was dissolved in ethanol (800 ml), cooled to 10* and sodium 
borphydride (38.2 g) was added in portions over 5 minutes, the mixture was stirred at room tennperature for 
20 hours. The solvent was evaporated and the residue was partitipned between water and diethyl ether. The 
diethyl ether solution was washed with water, dilute hydrochloric acid and water, dried over magnesium 

30 sulphate and evaporated to give 4-(1-hydroxyethyl)-1-octyiben2ene as a colourless oil which solidified on 
cooling (116.3 g, 98%). 

(c) 4-(1-Hydroxyethyl)-1 -octylstyrene (113.7 g) was heated at 200* under vacuum (lOmmHg) for 0.5 
hour. The resulting oil was partitioned between water and diethyl ether and the diethyl ether solution was 
washed with water, dilute sodium hydroxide and water, dried over magnesium sulphate and evaporated to 

35 an oil. This oil was distilled to give 4-octyistyrene as a colouriess oil (48.2 g, 46%). b.p. 106-a*/0.03nnmHg. 



Preparation 6 

40 

In a similar manner starting from 4-vinylpyridine (25.0 g), styrene (24.1 g), divinylbenzene (0.90 g, purity 
55%) AIBN (0.5 g). poly(vinyl alcohol) (m.w. 125,000) (1 g) and distilled water (500 ml) gave (17.34 g) of a 
1% cross-linked polymer containing 50% 4-vinylpyridine. 

45 

Preparation 7 



In a similar manner starting from 4-vlnylpyndine (72.8 g), divinylbenzene (7.2 g, purity 55%) AIBN (0.8 
50 g), poly(vinyl alcohol) (m.w. 125,000) (1 g) and distilled water (500 ml) gave (51.56 g) of a 5% cross-linked 
polymer containing 91% 4-vinylpyridine. 



Preparation 8 

55 

In a similar manner starting from 4-vinylpyridine (40.0 g), styrene (32.8 g). divinylbenzene (7.23 g, purity 
55%) AIBN (0.8 g), poly(vinyl alcohol) (m.w. 125.000) (1 g) and distilled water (500 ml) gave (44.45 g) of a 
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5% cross- linked polymer containing 50% 4-vinylpyridine. 

Preparation 9 

5 

In a similar manner starting from 4-vinylpyridlne (40 g), ethyl methacrylate (38.2 g) ethylene glycol 
bismethacryiate (1.6 g) AIBN (0.7 g), poly(vinyl alcohol), (m.w. 125.000) (1 g) and distilled water (500 ml) 
gave (26.44 g) of a 2% cross-linked copolymer containing 50% 4-vinylpyridine. 

^Q 

Preparation 10 

IS In a similar manner starting from 4-vinyipyridihe (25.0 g). ethyl methacrylate (23.2 g). divinylbenzene 
(1.8 g, purity 55%) AIBN (0.8 g), poly(vinyl alcohol) (m.w. 125.000) (1 g) and distilled water (500 ml) gave 
(42.48 g) of a 2% cross-linked copolymer containing 50% 4-vinylpyridine. 

20 Preparation 11 

In a similar manner starting from 4-vinylpyfidlne (25.0 g). dodecyl methacrylate (23.2 g), divinylbenzene 
(1,8 g. purity 55%), AIBN (0.8 g). poly(vinyl alcohol) (m.w. 125,000) (1 g) and distilled water (500 ml) gave 
25 (20.74 g) of a 2% cross-linked copolymer containing 50% 4-vinylpyridine. 

Preparation 12 

In a similar manner starting from 4-vinylpyridine (40 g), hexyl methacrylate (38.4 g) ethylene glycol 
bismethacryiate (1.6 g) AIBN (g.8 g), poly(v{nyi alcohol) (m.w. 125,000) (1 g) and distilled water (500 ml) 
gave (53.95 g) of a 2% cross-linked copolymer containing 50% 4-vinylpyridine. 

35 

Preparation 13 

In a similar manner starting from 4-vinylpyridine (40.0 g). hexyl methacrylate (37,1 g). divinylbenzene 
40 (2.88 g, purity 55%) AIBN (0.8 g). poly(vinyl alcohol), (m.w. 125,000) (1 g) and distilled water (500 ml) gave 
(52.76 g) of a 2% cross-linked copolymer containing 50% 4-vinylpyridine. 

Preparation 14 

45 

In a similar manner starting from 4-vinylpyridine (40 g), dodecyl methacrylate (38.4 g) ethylene glycpl 
bismethacryiate (1.6 g) AIBN (0.8 g). poiy(vinyl alcohol) (m.w, 125.000) (1 g) and distilled water (500 ml) 
gave (33.70 g) of a 2% cross-linked copotymner containing 50% 4-vinylpyridlne. 

50 

Preparation 15 

55 In a similar manner starting from 3-vinylpyridine (15.6 g). styrene (13.9 g). divinylbenzene (0.9 g. purity 
55%) AIBN (0.3 g), poly(vinyl alcohol) (m.w. 125.000) (0.5 g) and distilled water (200 ml) gave (14.42 g) of a 
2% cross-linked copolymer containing 50% 4-vinylpyridine. 
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Preparation 16 



In a similar manner starting from 4-vinylpyndine (60.0 g). styrene (18.6 g), divinylbenzene (1.44 g, purity 
5 55%), AIBN (0.8 g), poly (vinyl alcohol) (m.w. 125,000) (1 g) and distilled water (500 ml) gave (39.53 g) of a 
1 % cross-jinked polymer containing 75% 4-vinylpyridine. 



Preparation 17 

10 

In a similar manner starting from 3-vinylpyridine (19.28 g). divlnylbenzene (0.72 g, purity 55%) AIBN 
(0.3 g). .ooly(vinyl alcohol) (m.w. 125.000) (0.5 g) and distilled water (200 ml) gave (9.10 g) of a 2% cross- 
linked copolymer containing 96% 3^vihylpyridine. 

Example 1 



20 A suspension of the polymer from preparation 1 (3.0 g) in dimethylformamide (60 ml) and octyl iodide 
(20 mi) was stirred at 80* for 72 hours. The mixture was filtered and the polymer was washed with 
dimethylformamide, methanol, nnethanol/dllute hydrochloric acid, methahpl. methanol/ether, ether and dried 
to give 2% cross-linked 1-pctyI-4-vinylpyridinfum chloride styrene divinylbenzene copolymer (5.19 g) 
(exchange capacity = 2.59 meq Cr/g). ' 

25 

Example 2 



30 A suspension of the polymer from preparation 1 (2.0S g) in sulfoiane (40 ml) and dodecyl iodide (20 g) 
was stirred at 80* for 18 hours. The mixture was filtered aiid the polymer was washed with, methanol, 
acetone, methanol/dilute hydrochloric acid, methanol, methanol/ether, ether and dried to give 2% cross- 
linked 1-dodecyl-4-vinylpyridinium chloride styrene divinylbenzene copolymer (3.82 g) (exchange capacity 
= 2.41 meq Cr/g). 

35 

Example 3 



40 A suspension of the polymer from preparation 1 (3.5 g) in suifolane (40 ml) and hexadecyl iodide (25 g) 
was stirred at 90* for 72 hours. The mixture was filtered and the polymer was washed with, methanol, 
acetone, methanol/dilute hydrochioric acid, nnethanol, methanol/ether, ether and dried to give 2% cross- 
linked 1-hexadecyl-4-vinylpyridlnium chloride styrene divinylbenzene copolymer (7.20 g) (exchange capac- 
ity = 2.1 meq Cr/g). 

45 

Example 4 



so A suspension of the polymer from preparation 2 (2.00 g) in sulfoiane (60 ml) and octyl iodide (20 ml) 
was stirred at 80* for 18 hours. The mixture was filtered and the polymer was washed with, methanol, 
methanol/dilute hydrochloric acid, methanol, methanol/ether, ether and dried to give 2% cross-linked 1- 
octyl-4-yinylpyridinium chloride divinylbenzene copolymer (3.81 g) (exchange capacity - 3.89 meq Cr/g). 

55 

Example 5 
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A suspension of the polynner fronn preparation 2 (4.00 g) in sulfolane (75 nnl) and dodecyl iodide (25 g) 
was stirred at 90* for 60 hours. The rnlxture was filtered and the polynner was washed with, nnethanol, 
methanoi/dilute hydrochloric acid, methanol, methanof/ether: ether and dried- to give 2% cross-linked 1- 
dpdWyl4-vlnylpyndiniunri chipn divinyjbenzehe cdpdlymer (11.32 g) (exchange capacity = 3,23 meq 
5 Cl-^/g). 



Example 6 



A suspension of the polymer from preparation 2 (4.00 g) in sulfolane (75 ml) and hexadecyl iodide (25 
g) was stirred at 90' for 18 hours. The. rnixture was filtered and the polymer was washed with, acetone, 
methanoi/rnethanpi/djiute hYdrochi^^^^^^^ acid, methanol/ metfenpl/e ether and drled to give 2% cross- 
linkfd l-^hexadecyiVyinylp^^^^^ divinylbenzene copblynher (13.28 g) (exchange capacity = 

15 .2.77 rneci Cr/g). / • .• 



Example 7 



A suspension of the polymer from preparation 3 (4.00 g) in sulfolane (80 ml) and octyl iodide (25 ml) 
-was stirred at 80 ' for 56 hours. The mixture was filtered and the polymer was washed with, acetone, 
methanol, rnethanpl/dilute hydrochloric acid, nriethanol, methanol/ether. ether and dried'' to give 2% cross- 
linked 1 -octyl-4-vinylpyridiniurn chloride styrehe divinylbenzene ccipolymer (7.92 g) (exchange capacity = 
25 3.46 meq Cr/g). 

Example 8 



A suspension of the polymer from preparation 3 (4.00 g) in sulfolane (60 mi) and dodecyl iodide (30 g) 
was stirred at 80* for 56 hours. The mixture was filtered and the polymer was washed with, acetone, 
methanol, methanql/dijute hydrochloric acid. metHahdi 'methanol/etherV ether and dried to give 2% cross- 
linked 1-dodecyl-4-vinylpyridinium chloride dlvinylbenzeine styrerie copolymer (9.03 jg) (exchange capacity 
3S = 2.92 meq cHg). 



Example 9 



A suspension of the polymer from preparation 8 (6.00 g) in sulfolane (60 ml) and octyl iodide (20 ml) 
was stirred at 80* for 24 hours. The rnlxture was filtered and the polymer was washed with, methanol, 
methanoi/dilute hydrochloric acid, nnethanol. methanol/ether, ether and dried to give 5% cross-linked 1- 
octyl-4-yinylpyridinium chloride styrene divinylbenzene copolymer (9.75 g) (exchange capacity = 2.73 meq 

45 cr/g). 



Example 10 



50 



55 



A suspension of the polymer from preparation 7 (6.00 g) in sulfolane (60 ml) and octyl iodide (20 ml) 
was stin-ed at 80* for 24 hours. The mixture was filtered and the polymer was washed with, methanol, 
methanoi/dilute hydrochloric acjd, methanol, methahbl/ether. ether and dried to give 5% cross-linked 1- 
octyl-4-vinyipyridinjum chlbride d cppblyrrier (12.87 g) (exchange capacity = 3.75 meq Cr/g). 

Example 11 ' 
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A suspension of the polymer from preparation 6 (3.00 g) in sulfplane (50 ml) and octyl iodide (10 ml) 
was stirred at 80 V for 20 hours. The mixture was filtered and the polymer was washed with, methanol, 
methanpl/dilute hydrochloric acid, methanol, methanol/e'ther, ether and dried to give 1% cross-linked 1* 
octyl-4-vinylpyridinium chloride styrene divinylbenzene copolymer (4.39 g) (exchange capacity = 2.66 meq 
5 Cr/g), 



Example 12 

10 . . ... ^ . 

A suspension of the polymer from preparation 4 (6.00 g) in sulfoliane (60 ml) and octyl iodide (20 ml) 
was stirred at 80 ' for 24 hours. The rnixture was filterecl. and the polymer was washed with, methanol, 
methanol/dilute hydrochloric acid, methanol, methanol/ether, ether and dried to give 2% cross-linked 1- 
octyl-4-vinylpyridinium chloride styrene divinylbenzene copolymer (8.06 g) (exchange capacity = i2.ll meq 

IS or/Qi 



Example 13 

20 

A suspension of the polymer from preparation 20 (3.00 g) in sulfolane (30 ml) and methyl iodide (10 ml) 
was stirred for 72 hours. The mixture was filte/ed and the polymer was washed with methanol, 
methanol/dilute hydrochloric add, methanol, methanol/ether, ether arid dried to give 2% cross-linked 1- 
methyl-4-viny(pyridinium chloride octylstyrene, divinylbenzene copolymer (3.50 gj (exchange capacity = 
25 3.16 meq Cr/g). 



Example 14 



A suspension of the polymer from preparation 1 (4.00 g) in sulfplane (40 ml) and decyl iodide (20 ml) 
was stirred at 80" for 24 hours. The mixture was filtered and the polyrrier was washed with methanol, 
methanol/dilute hydrochloric acid, methanol, methanol/ether, ether and dried to give 2% cross-linked 1- 
tetradecyl-4-vinyl- pyridinium chloride styrene divinylbenzene copolymer (7.0 g) (exchange capacity = 2.57 
35 meq Cl~/g). 



Example 15 

40 

A suspension of the polymer from preparation 9 (3.49 g) in sulfolane (50 ml) and octyl iodide (25 ml) 
was stirred at 80* for 18 hours. The mixture was filtered and the polymer was washed with methanol, 
acetone, methanol/ dilute hydrochloric acid, methanol, methanol/ether, ether and dried to give 2% cross- 
linked 1 -octyl-4-vinyl- pyridinium chloride ethyl methacrylate ethylene, glycol bismethacrylate copolymer 
45 (5.68 g) (exchange capacity = 2.86 meq Cl"/g). 



Example 16 



. A suspension of the polymer from, preparation 10 (3,0 g) in sulfolane (50 ml) and octyl iodide (25 ml) 
was stirred at 80* for 56 hours. The mixture was filtered and the polymer was washed with methanol, 
acetone, methanol/dilute hydrochloric acid, methanol, methanol/ether. ether and dried to give 2% cross- 
linked 1-octyl-4-vinylpyridinium chloride ethyl methacrylate divinylbenzene copolymer (4.07 g) (exchange 
55 capacity = 2.85 meq Cl~/g). 



Example 17 
10 
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A suspension of the polynner from preparation 1 (2.00 g) in sulfofane (30 ml) and 11-bronnoundecanoI 
(4.0 g) was stirred at 80* for 24 hours. The mixture was filtered and the polymer was washed with 
5 methanol, methanol/dilute hydrochloric acid, methanol, methanol/ether, ether and dried to give 2% cross- 
iihked 1-(l1-hydroxyundecyl)-4-vinylpyndinium chloride styrene divinyibenzene copolymer {3.73 g) 
(exchange capacity = 2.38 hieq Cl~'g), 

10 Example 18 



A suspension of the polymer from preparation 9 (3.00 g) in sulfolane (50 ml) and dodecyl iodide (25 ml) 
was stirred at 90 ' for 18 hours. The mixture was filtered and the polymer was washed with methanol, 
15 .methanpl/dilute hydrochloric acid, methanol, methanol/ether. ether and dried to give 2% cross-linked 1- 
dodecyj-4-vihylpyridihiuni; chloride ethyl nriethaciYlate ethylene glycol bismethacrylate copolymer (5.56 g) 
(exchange cafDaciiy = 2.71 meq Cl~/g). 

20 Example 1 9 



A suspension of the polymer from preparation 11 (4.00 g) in sulfolane (50 ml) and octyl iodide (25 ml) 
was stirred at 90 ' for 18 hours. The mixture was filtered and the polymer was washed with methanol, 
25 methanol/dilute hydrochloric acid, methanol, methanol/ether, ether and dried to give 2% cross-linked 1- 
octyl-4-vinylpyridiniurh chloride dodecyl methacrylate divinyibenzene copolymer (6.81 g) (exchange capac- 
ity = 3.0 meq Cr/g). 

30 Example 20 



A suspension of the polymer from preparation 12 (5,00 g) in sulfolane (50 ml) and methyl iodide (20 ml) 
was stirred for 72 hours. The mixture was filtered and the polymer was washed with methanol, 
35 methanpl/dilute hydrochloric acid, methanol, methanol/ether, ether and dried to give 2% cross-linked 1- 
nriethyi-4-vinylpyridinium chloride hexyl methacrylate ethylene glycol bishnethacrylate copolymer (5.53 g) 
(exchange capacity =? 3.69 meq Cl~/g), 



40 Example 21 



A suspension of the polymer from preparation 6 (4,0 g) in sulfolane (50 ml) and dodecyl iodide (20 m!) 
was stirred at 80 ' for 24 hours. The mixture was filtered and the polymer was washed with methanol, 
45 acetone, methanol/dilute hydrochloric acid, methanol, methanol/ether, ether and dried to give 1% cross- 
linked 1-dodecyl-4-vinylpyrtdihium chloride styrene divinyibenzene copolymer (6.78 g) (exchange capacity 
= 2.3 meq Cr/g). 



so Example 22 



A suspension of the polymer from preparatidh 8 (4.0 g) in sulfolane (50 ml) and dodecyl iodide (20 ml) 
was stirred at 80* for 24 hours. The mixture was filtered and the polymer was washed with methanol, 
55 acetone, methanol/dilute hydrochloric acid, methanol, methianol/ether. ether and dried to give 5% cross- 
linked 1-dodecyl-4-vinylpyridir}ium chloride styrene divinyibenzene copolymer (7.27) (exchange capacity = 
2.48 meq Cl-/g). 



11 
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Example 23 



A suspension of the polymer from preparation 13 (5.00 g) in sulfolane (50 ml) and methyl iodide (20 ml) 
5 was stirred for 72 hours. The mixture was filtered and the polymer was washed with methanol, 
methanol/dilute hydrochloric acid, methanol, methanol/ether, ether and dried to give 2% cross-linked 1- 
methyl-4-vinylpyridinium chloride hexyl methacryiate divinylbenzene copolymer (5.48 g) (exchange capacity 
= 3.70 meq Cr/g). 

10 

Example 24 



A suspension of the polymer from preparation 13 (5.00 g) in sulfolane (50 ml) and dodecyl iodide (25 
75 ml) was stirred at 80" for 24 hours. The mixture was filtered and the polymer was washed with methanol, 
methanol/dilute hydrochloric acid, methanol, methanol/ether, ether and dried to give 2% cross-linked 1- 
dodecyl-4-vinylpyridinium chloride hexyl methacryiate divinylbenzene copolymer (7.73 g) (exchange capac- 
ity = 2.35 meq Cr/g). 

20 

Example 2 5 

A suspension of the polymer from preparation .12 (5.00 g) in sulfolane (50 rnl) and octyl iodide (20 ml) 
25 was stirred at 80* for 24 hours. The mixture was filtered and the polymer was vyashed with methanol, 
methanol/dilute hydrochloric acid, methanol, methanol/ether, ether and dried to give 2% cross-linked 1- 
octyl-4-vlnylpyndinium chloride hexyl methacryiate ethylene glycol bismethacrylate copolymer (7.30 g) 
(exchange capacity = 2.71 meq Cl~/g). 

30 

Example 26 



A suspension of the polymer from preparation 2 (2.50 g) in sulfolane (50 ml) and 11-bromoundecanoi 
3S (10.0 g) was stirred at 80' for 24 hours. The mixture was filtered and the polymer was washed with 
methanol, methanol/dilute hydrochloric acid, methanol, methanol/ether. ether arid dried to give 2% cross- 
linked 1-(11-hydroxyundecyl)-4-vinylpyridinium chloride divinylbenzene copolymer (6.67 g) (exchange ca- 
pacity = 3.19 meq CP/g). 

40 

Example 27 

A suspension of the polymer from preparation 14 (4.00 g) in sulfolane (60 ml) and octyl iodide (20 ml) 
45 was stirred at 60* for 72 hours. The mixture was filtered and the polymer was washed with methanol, 
methanol/dilute hydrochloric acid, methanol, methanol/ether. ether and dried to give 2% cross-linked 1- 
octyM-vinyipyridinium chloride dodecyl methacryiate ethylene glycol bismethacrylate copolymer (5.76 g) 
(exchange cajpacity = 2.62 meq Cl^'/g). 

50 

Example 28 



A suspension of the polymer from preparation 3 (4.00 g) in sulfolane (60 ml) and hexadecyl iodide (30 
55 g) was stirred at 80* for 56 hours. The mixture was filtered and the polymer was washed with acetone, 
methanol, methanol/dilute hydrochloric acid, methanol, methanol/ether. ether and dried to give 2% cross- 
linked 1 -hexadecyl-4-vinylpyridinium chloride styrene divinylbenzene copolymer (8.77 g) (exchange capac- 
ity = 2.49 meq Cr/g). 

12 
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Example 29 



A suspension of the polymer from preparation 15 (4.00 g) in sulfolane (40 ml) and dodecyl iodide (25 
5 ml) was stirred at 80* for 24 hours. The mixture was filtered and the polymer was washed with methanol, 
methanol/dijute hydrochloric acid, methanol, methanol/ether. ether and dried to give 2% cross-linked 1- 
dodecyl-3-vinylpyridinium chloride styrene divinylbenzene copolymer (6.90 g) (exchange capacity = 2.30 
meq Cr/g). 

10 

Example 30 



A suspension of the polymer from preparation 16 (4.00 g) in sulfolane (50 ml) and dodecyl iodide (20 
;5 ml) was stirred at 80' for 24 hours. The mixture was filtered and the polymer was washed with methanol, 
methanol/dilute hydrochloric acid, methanol, nnethanpl/ether, ether and dried to give 1% cross-linked 1- 
dodecyMrvinylpyridinium chloride styrene diYinYlbenzehe copolynrier (9.21 g) (exchange capacity = 2.89 
meq Cr/g). 

20 

Example 31 



A suspension of the polymer from preparation 13 (5.00 g) in sulfolane (50 ml) and octyl iodide (25 ml) 
25 was stirred at 80* for 24 hours. The mixture was filtered arid the pblynher was washed with methanol, 
methanol/dilute hydrochloric acid, methanol, methanol/ether. ether and dried to give 2% cross-linked 1- 
octyl-4-vinylpyridinium chloride hexyl methacrylate divlnylbenzene copolymer (8.03 g) (exchange capacity 
= 2.71 meq Cr/g). 

Example 32 

A suspension of the polymer from preparation 12 (5.00 g) in sulfolane (50 ml) and dodecyl iodide (25 
35 ml) was stirred at 80* for 24 hours. The mixture was filtered and the polymer was washed with methanol, 
methanol/dilute hydrochloric acid, methanol, methanol/ether, ether and dried to give 2% cross-linked 1- 
dodecyl-4-vinylpyridinium chloride hexyl methacrylate ethylene glycol bismethacryiate copolymer (9.1 g) 
(exchange capacity = 2.35 meq Cl~/g). 

40 

Example 33 



A suspension of the polymer from preparation 1 (3.00 g) in sulfolane (30 ml) and tetradecyl bromide (25 
45 ml) was stirred at 80* for 24 hours. The mixture was filtered and the polymer was washed with methanol, 
methanol/dilute hydrochloric acid, methanol, methanol/ether, ether and dried to give 2% cross-linked 1- 
tetradecyl-4-vinylpyridinium chloride styrene divlnylbenzene copolymer (5.85 g) (exchange capacity = 2.20 
meq Cr/g). 

50 

Example 34 



A suspension of the polymer from preparation 16 (5.00 g) in sulfolane (50 ml) and octyl iodide (25 ml) 
55 was stirred at 80* for 24 hours. The mixture was filtered and the polymer was washed with methanol, 
methanoi/dilute hydrochloric acid, methanol, methanol/ether. ether and dried to give 1% cross-linked l- 
octyl-4-vinylpyridinium chloride styrene divinylbenzene copolymer (9.30 g) (exchange capacity = 3.48 meq 
cr/g). . ' 

13 
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Example 35 



A suspension of the polymer from preparation 17 (4.00 g) in sulfolane (40 ml) and dodecyl iodide (25 
ml) was stirred at 80* for 24 hours. The mixture was filtered and the polymer was washed with methanol, 
methanol/dilute hydrochloric acid, methanol, methanol/ether, ether and dried to give 2% cross-linked 1- 
dodecyi-3-vinyIpyridinium chloride styrene divinylbenzene copolymer (4.87 g) (exchange capacity = 3.07 
meq Cr.'g). 



Example 35 



A suspension of the polyme^r from pt'eparation 1 7 (3.00 g) in sulfolane (30 ml) and octyi iodide (20 ml) 
75 was stirred at 80* for 24 hours. The mixture was filtered and the polymer was washed with methanol, 
methanol/dilute hydrochloric acid, methanol, methanol/ether, ether and dried to give 2% cross-linked 1- 
octyl-3-vinylpyridinium chloride divinylbenzene copolymer (6.87 g) (exchange capacity = 3.53 meq Cl~/g). 



20 



Example A 



A chewable tablet composition can be prepared from the foHowing 



25 



30 



35 





mg/tablet 


Compound of Structure (1) 


1250 


Silicon dioxide 


15. 


Microcrystalline cellulose 


280 


Sorbitol 


445 


Lactose 


450 


Sweetener 


5 


Peppermint 


30 


Magnesium Stearate 


25 




2500mg 



40 



Example B 



45 



A food additive composition, for example, a sachet for reconstitution or mixing with food, is prepared by 
Incorporating into a powder formulation compound of Structure (I) (250 mg). sodium carboxymethylcellulose 
(50 mg). sucrose (2400 mg) and flavours (50 mg). 



so 



Data 



In vitro Dissociation assay 



55 



The following assay provides a measure of affinity of the polymers of the invention for the bile acid, 
glycocholate (GC) based on the amount of GC bound at a subsjaturating concentration of 5 mM (t = o) and 
an estimate of the rate at which this bile acid dissociates into a large volume of buffer. The results are given 
as initial amounts of GC bound (t = 0); amounts remaining bound after 2 minutes in buffer (t = 2 min), and as 
% dissociation i.e. the proportion of bound QC dissociated from the polymer after 2 minutes. The lower the 
% dissociation the more efficient the polymer can be expected to be in extracting bile acids In vivo. 
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Method 



Test compound (150 mg) was equiljbrated with 5 mM sodium glycocholate (30 ml) in Krebs' buffer. The 
compound was separated by centrlfugation and. the total bound determined by subtraction of the amount in 
the supernatant from the total bile acid used. Dissociation was measured by resuspending the compound in 
Krebs' buffer, stirring and sampling the mixture through a filter at several time points up to 20 minutes. 
Radioactivity and hence bile acid dissociated was determined in the filtrate (Table 1). 



10 



Results 



The following % dissociation figures were obtained 



IS 


Examples 


% Dissociation 




(range) 




2.4.5.6.7,10.1 1 .13.1 4 J 8.21, 22.24,28.29:30 and 32-35 


2-10 




3.8.9,12.15.16.17.19.20,23.25.26.27 and 31 


11-22 
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Claims 



25 



1 . A cross-linked polymer of structure 



30 



35 



(CH2CH)^-<X)j3-(X-^). 




(I) 



n 



.0 



in which, 

R is Ci -20 alkyl. hydroxyCi -ao alkyi or Ci -4.alkoxyCi -20 alkyi; 
V is a counter ion; 

a, b and c are numbers which indicate the relative percentages (w/w) of the units present in said polymer, 
(a) being from about 30 to about 99 percent (w/w), and (b) being from about 1.0 to about 8 percent (w/w); 
n is a number indicating the degree of polymerisation in said polymer; 
X is a cross-linking unit, and 
X' is a comonomer unit. 

2. A polymer according to claim 1 in which R is a Ca-is alkyl group. 

3. A polymer according to claim 2 in which (b) is from about 1 to about 5 percent (w/w) of said polymer. 

4. A process for the preparation of a polymer according to any one of claims 1 to 3 which comprises 
reaction of a polymer of structure (II) 



55 
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-(CH2CH)3-(X)j,-(X-')^ 



(II) 



n 



10 



15 



20 



25 



in which a, b, c, X. and n are as described for structure (I) with a compound of structure RL in which L is 
a leaving group and R is as described for structure (I). 

5. A pharmaceutical composition comprising a polymer of structure (I) as claimed in claim 1 in 
association witii a pharimaceutically acceptable carrier. 

6. A polymer according to clairn 1 for use as a therapeutic agent. 

7. A polymer according to claim 1 for use in the lowering of serum cholesterol levels. 

Claims for the following Contracting States : GR and ES 

1 . A process for the preparation of a polymer of structure (1) 



(CH2CH)^-(X)j,-(X^)^ 



30 




(I) 



n 



in which, 

R is Ci-20 alkyl. hydroxyCi -aoalkyi or Ci -*alkoxyCi -20 alkyi; 
35 Y~ is a counter ion; 

a, b and c are numbers which indicate the relative percentages (w/w) of the units present in said polymer, 
(a) being from about 30 to about 99 percent (w/w) and (b) being from about 1.0 to about 8 percent (w/w); 
n is a number indicating the degree of polymerisation in said polymer; 
X is a cross-linking unit, and 
40 XMs a comonomer unit, . 
which comprises reaction of a compound of structure (II) 



45 



50 



-(CH2CH)^-(X)j^-(X-)^ 




(II) 



55 



in which a, b. c, X, X^ and n are as described for structure (I) with a compound of structure RL in which R is 
as described for structure (I) and L is a leaving group. 

2. A process according to claim 1 in which in structure (I) R is a Cg-isalkyI group. 

3. A process according to claim 2 in which (b) is from about 1 to about 5 percent (w/w) of said polymer. 

4. A process according to claim 3, in which L is halogen. 

5. A process for preparing a pharmaceutical composition which comprises bringing into association a 
polymer of structure (I) as described in claim 1 and a pharmaceutically acceptable carrier. 
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in which, R is Ci -20 alkyi, hydroxyCi -aoalkyi or Ci -^.afkoxyCi -20 ajkyl, processes for their preparation, 
pharmaceutical compositions containing them and their use in therapy as bile acid sequestering agents. 
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